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ABSTRACT

From the standpoint of boiler-wall corrosion prevention, preliminary

studies at this Laboratory and at the Naval Ship Research and Development

Center have indicated that a chelating agent, ethylenedinitrilotetra-

acetic acid (H.,EDTA), in conjunction with lithium hydroxide is preferable

to the low-phosphate control treatment presently being used by the Navy.

rT elucidate the corrosion-inhibition mechanism in the lithium hydroxide-

EDTA4 - system, we must know the rate and the mechanism of EDTA4 - de-

composition in aqueous solutions under conditions of high-pressure boiler

operations. As a background for investigations at this Laboratory of the

solid phase and solution phase decomposition of EDTA4 - at high tempera-

tures, the available literature has been examined and pertinent facts

related to the lithium hydroxide-EDTA4- system are reported. The gen-

eral properties of EDTA4 - chelates are reviewed first. Although a

considerable amount of information is available related to the use of

alkali-metal hydroxides and EDTA4- solutions for hard-scale removal and

corrosion prevention, no studies have been reported on decomposition

products from aqueous EDTA4- solutions heated under pressure to high

temperatures. The qualitative investigations of the thermal decompo-

sition of solid H4 EDTA and its metal salts fail to fully identify the

volatile -roducts and residues formed at temperatures near those of

boiler operations.

PROBLEM STATUS

This 4.s an interim report; work on the problem is continuing.

AUTHOR I ZAT ION

NRL Problem C04-04
Project RR 001-02-43-4801

MAlnuseript submitted November 27, 1967.
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Intro(duc t i on

F or trca tment of stee l at cI eva ted temperatur es in steam power

gefnlerator boilers, lithium hydroxide has rec ently b1)een shown to b, an

effective additivc (1,2). !towevcr, the deposition of lithium phosphate

on the boiler walls prevents the simple substitution of lithium hy-

droxide for sodium hydroxide in the conventional Navy 1oW-phosphate

treatment for boi ler water (3). To prevent hard scale formation by

alkaline earth ions, which are always present in boiler water, addition

of a soluble organic chelating agent in place of the phosphate was pro-

poseA for the lithium hydroxide system. Preliminary studies in capsule

systems at this Laboratory and in model boilers at the Naval Ship Re-

search and Development Center have indicated that one chel ating agent,

ethylenedinitrilotetraacetic acid (H4 EDFA), in conjunction with lithium

hydroxide, is preferable, from the standpoint of prevention of boiler

wall corrosion, to the low-phosphate control treatment presently being

used by the Navy (3).

To elucidate the corrosion-inhibition mechanism in this preferred

system of lithium hydroxide and EDTA4 -, it is necessary to know the

stability of the organic clhelating agent, then state of aggregation o1

lithium ions, iron ions and EDTA"- ions at the p1l and temperaturc condi--

tions of boiler operation. Examination of the available Jiter,!ture has

revealed many pca tinent lacts related Io the lithitum h%'droxike-l.llA2-

systcm and thc.-;e, are reported hcrein as i bac 1,,,-round I orstudis at

this laboratory of the solid pbhase and solution ph ase dec ,mposI i jn of

FI)I'A - at high temperaturcs. From th,'se studies, the lunc lion 11 the.

chelating agent may be determined, and ncw chel at in, mateýrials of the

proper stabilitv rccommcnded I or I uture, screeniný tcsts.



General Properties of EHOW'A- Chelates

Aqueous solutions of metal ions contain complexes because of the

polar nature of the water molecules and the ionic charge of the metal

ior,. 'hC spaLiay ur:.nc(, waLer [%UUo1 ru., be rtplaced if cnrnnr_

formation takes place with ligands other than the solvent. Many inter-

related factors influence the selectivity and the stability of complexes:

(a) the nature of the atoms ccncerned in bond formation; (b) the base

strength of the ligand which may be an anion or neutral molecule with

basic properties; (c) the stereochemistry of the c,,mplex formed; and

(d) any contributions due to resonance. AnoLher .mportant consideration

is the "chelate effect"; the more points of attachment there are between

a ligand and a metal ion, the more difficult it will be for the metal

ion -o break all the bcnds and move away Lcefore the chelate can reform.

Thus, the stability constants of the irnon(II) complexes with ammonia,

ethylenediamine and ethylenedinitrIlotetraacetic acid increase as the

points of ligand attachment increase from 1 to 2 to 6, respectively

(Fig. 1).

Formation constants of some 1:1 metal-EDTA4 - complexes at 20 0 C in

O.lM KCI (4) are listed in ['able I. In general, for a given ligand,

complexes are least stable for monovalent cations; the sLability in-

creases with increasing: cationic charge and decreasing ionic radius
+

(see ['able 1: IW vs. Fel* and Fe' vs. Fe 3 + ). Since a 1 igand may be

considered a b;.se, at st, flitiently low pil the molecule may become ex-

tensively protonated and its c(rnplex formini g ability redk.ced. I')DFA

is near Iy equal to t he total II , 1 ')FA added w hen t he piI is be tween 11

and I. ('



Ringbom (6) reported that the optimum p!i Ior FDl'A4 -L-mp! "" f "rI;t-

tion is the value at which the metal complex has an apparent stability

constant of 10' (Table 1). Accordingly, at p1l 3 the iron(Ill) complex-

4- _-'r c,-,:r cr- ; ifthi one part in If'P when the free IDI'A" con-

centration is 2 x 10-6M. If the p!t of the solution is increased,

another important factor that must be considered is the hydrolytic

equilibria.

Although the stability constants of Fe(Ill)- and Fe(I!)-F1)IA'

indicate relatively high stability (Fable I), t1h. iron( It) or iron(IIl

hydroxides may precipitate if the solution is made too alkaline. Con-

sequcntly, for a lOA-3N Fe(iI )-ErI)A 4 - solution which is ln--l; in I re,

EDFA4 -, precipitation of Fe(Ot!) 3 rpKs -42.7 (7)1 should begin when

the p11 reaches about 8 or greater. However, under tho same conditions,

precipitation of Fe(Oi!) 2 [pKs -15.2 (7) should begin only when the

pil reaches about 14 or greater. Since the reported K values vary (4),s

the cal culated value of pil will depend on the choice of K used. Con-
s

sequently, the pi1 values are only used to illustrite the difleren(cs

between Fe(II) and Fe(III) solubilities.

Of the EDI'A'- groups that are involved in met' il- omplex formittion,

the last one, or sometimes tlx, last two., ii,ets rclativlN ',.klv. his

makes it possiblc for one or two of liht toor dind t tn s t" n

metal ion to be occupied !y ,%watT r rn-3.'i"i; ! hich (dr i 3'.h,-, v *Tl," n

h,,drolve), giv ing rise to omp eXe''s tN i t h i c 011 '" r I," It ,! c'

to Il.I'A'- Both of the rcsu tin: c, k .p! ',',..; ! oi , t ':.: V ,

stan ts thin zlht meta l ion tomplextc i whi. h wo , 1; , pr, n' :n -,

t ions jt tower pil va Iues. Consequenit In r .1h.., rn ; : •.,n'- )i



:20C, a pHl 11 solution containing Mg2 ÷ and Fe(UlI) 2 ions would have con-

ditions conducive to complex formation between Mg2 4 and EDTA 4 -, but the

iron would be precipitated as the hydrous oxide. T'he calculated values

for the formation constants of Fe(fltb-EDTA4 - and Fe(O3F)3-EDwAi corrob-

orate the expected Soluhility of re(li) anz -'oluhilitv of FP(Ill) at

high plH values (Table I). remperature as well as concentration and pli

will affect the stability and the nature of tile resulting chelate.

Aqueous Solutions of ED['A4- Used in Boilers

Aqueous solutions of ethylenedinitrilotetraacetic ac I (11 4EDTA),

its salts, and derivatives are used extensively as reagents in ana-

lytical chemistry (8). The patent literature also ab-ounds with

industrial uses. Htowe-er, no thorough studies of the high tempera-

ture and pressure stability of these aqueous solutions have yet ben

repor ted.

Act'rn sirnila:ly as the polyphosphates, ED'TA 4 - suppresses the

effect of iaird wate, ions by complexing ions such as Ca 2 + and Mg2 +.

UInlike the ins-luule phosphates, the EnrA4 -- chelated ions usually

remain in solution; the soluble complexes of the undesirable ions are

easier to remove than the solid phosphates. Consequently, the liter-

ature contains many reports of the successful use of tll1 F[A, its

salts, and derivotives, as wcll as other sin; I:ir cheli ting agents

for cl eining !,oilers which are scaled ( . [o ltIessen the cost of

the chemi al celeanin,,, thc .1 ,; t ionrs can he treiatetd % th acid

to rt,(O ,'r i t1 Pi'A f'or rcus-, . [Ior ceneral c vanini, of util ity hoi ltrs..

,;,I: t- )IA s; lk h ,s tht, ainronium or -;o,"it -, sal removt, mad nct ik



iron oxide less effectively than hydrochloric acid chemical cl,,aning;

furthermore, the EFI'A4 - treatment is more expensive than the hydro-

chloric acid treatment (ln).

Goldberg and Arrhenius (11 ) used IDI'A'- solutions to dhtcrmint, the

dissolution rate of several ground samples o0 minerals (.2 -!

equivalent diamete , t w r.t- mineral bdnvi ptd suspenden( in 'T PFI'A"

buffered to a p11 of S with ammonia and agitated for ' hrs. ,t i)'0(C.

A progressive decrease of dissolution rate with time, %es notet in most

cases. flhe range of dissolution was from 17 to 4,'(1 m r-" hr-' tor the

minerals tested. rhe characteristic of Fr!'A'- to 2Iissolve mincrals

was utilized by Kajanne (12) who found that the iron 'ontent of boior

water without ED'rA 4 - was 2.9 - 3.7 mg '1. When 1 kg of hPtI'A ý,( tons of

steam was fed to the low pressure test boiler, the iron content of t he

boiler water became 11.5 to 27.:, m4,1l. Kaijanne est imated that I k-- o1

EITA would remove 1 .2 kg of scale frown the boiler (12I). Rv formation

of a Fe 2 + - EDrA 4 - complex. iron(II) ions %ere assumed to havoý been

prevented from forming a precipitate , .- nto the. reslua hardiness of

the feed water may inartivat.', the : , - . . ,i. .- .. .. -

by Ka ianne may not be ideal.

Vtinz 13 repor ted that ai!k.l t -mn' ta ,j: ts (,I t t!'v.cn',li nit ri',-

tctraR et i aci d and ni tri lotr iacet iý a . iart, $ i .0,:, or reat.nt

"Iard %ater to preven, t the. Iorr-at ion of pie' :p: t, '. p.t r"aor

1- not od that these ompounts ,r t i'n;ui o 1or r, ,,:0. ,' '

remove an. prevten a• , Nrr.nat on. .' thi:.: :.A ,',: ,1• w:N

I• sn ye I r n, v p.ea : n - , t .i . :. . , . - ,,• , r - I.

.oorsen hs rd! ~n, us !a t ons' r8r' rn'-!u o.1



found inside boiler tubes. Bly adding a relatively small proportion of

alkali-metal hydrcxide or a water soluble alkali-metal salt of a com-

paratively weak w•iter soluble acid, scale formation was loosened and

dissolved at the boiling rIoint of the cleaning solution. Bersworth re-

Srt -, that, once Ife salle had been removed, the tubes of the boiler

could be kept free from scale by adding an "alkylene polyamine tetra

(or higher) acetic acid" and an alkali-metal hydroxide to the feed

water. A typical aqueous solution, which was rcnmmended by Bersworth

to remove hard, thick scale from boilers without damage to tubes and

to prevent further scale formation, consists of an alkali-metal salt

of an "alkylene polyamine tetra (or higher) acetic acid" (0.1 to 2%

by weight), an al::ali-metal hydroxide (10 to 251 by weight), and a

water soluble w-ak -cid to give a solution of pH- 8.5 or greater.

If iron oxide ard carbonaceous materials are present, a more

elaborate system for removing scale at 'ýO*C consists of water (795

pts.), 5016 sodium hydroxide solution (210 pts.), Na2 H2 EfIfA (20 pts.),

triethanolamine (100 pts.), sodium hydrosulfide (30 pts.), alkylaryl

benzene or naphthalensulfonate (0.125 pts.), and Kerosene (293 pts.)

'5. !'nder the conditions used. Fe(III')-triethanolamine complexes

are reported to remain soluble and to have their hiý+est stability at

a pH range 1.1 to 14.

In cane-sugar factories, ho: 2 to 53 L-0I'A'- solutions (pli between

and " have !,•'n use,! to d(csc al- rass evaporator heating suriaces.

t~ a: v u, tj- N~ cons of -j:,- ;ur, s5 t S h a V a rxr ino

n aýnc u-u - .i -!; an :n *? ,. -r-,,n n.,ons are a t'fa,. ph, <rhat,. Si:.-

t *, an. n o0 nS • ! or .' ln .iý- a, a .a : .at* vs and, : ron x it:



a re no t rcmov,,I by tflit. 1 11A t trea tm -nt t% In t it is F I A -A

C I anin g soluitt ion i s a( i djijfr d w it I s W fur ic a(Jld t o p1'u

.suit]Ia t pr oci pi it , , t I,( p1l i s th'ncr inc r ( osr ,d 1,o ( cjnJ! tIt, sol tid on

i s re'ady for r usc. Ali thou Lr thir ma 1nis iutm kon ttnt .'I thc s, u! t Iion

iu i I ds up , iflso]uhl h- 1.l NA can thr rt Lovcrkrd f or rusi v)ý low, rin-t!

pHl to 1. P*lndi-r favo rabhI c c ondi t i (ns lIS t, s I n loss; k, 1H .;.1 A Pr

"icek was repor t cd ( 7

Pic c al1c ium su iit dt. I hiL Ihi is o ! pitr imotin t i Mpor i .lLe tf Sin~.

fac torNy tvaporators. rcrmains sýluhlt in 1i'IA; solu tion- r,~Is.

pH., and its solubili ty is nit in! luence,! t~y the ! rrsc; nLI 1 f !ur i,

phosphate, car~Na tc. or -- Aatc, a 1 oi %hich f lorm sparinýly ý4 si uh,

c aIc iurn salIt s. Ar, ac t iva t ion ener v of 4 .C kca Ir mt, was repor t -,( or

the pr c ss of d issol vi m, cal c ium su! fa tc i n Iil sol ut ns I

>nrthe activ'ation en~rL~y is rel atively 1(v ant t rate o sol t ion

is increased by lmntreasiný: the flow of 1I-quidi pd5 t theSiac . h rajtc

xonzroliiniz stop oX .alciumn sult ate 4,isso'ution is in!ia.tted to hrt o

hth ra te of L 1 e.,ni n I he, orries i nkcpcndnct o! pHt khv n,! t'.,r o r

:ndI: a te and now onrlI irrmt, !, thaijt the custc o I vr t i r a :ne

'o iui n.'s or i .n n,: k, , dPrao rI!k's :S .11 k l sa 7 -1 k.

a n.:; tha nh :~ rs

o .. r x n ~r v~ r.-. . . .

or j,' na r.s : .- r r

'-r r. r~:r\. . I" :~.



soIutt; !ofs ijr( ioi I cd, surine t imes t r educ ed prts;,urC's , no mcn 'L in of the-

thermal1 dcc xn p05 t ion of- the reagý,ent is repor ted. In fact. the reports

sual ly state thi.t the highiy alkiA irc NaFlDl'A solutions are stable to

hoi: in-

['he I argo ;!!eountS 01' t he NaPPL'A needed to effect the clecaning is

a majior disadvantJ T e For clccan intg the sug-ar evaporator tubes, the

wei ght of Na 4ED[A necessary to corol etely dissolve the scale is about

twice the weight of the scaile (16). For keeping the tubes clean,

Schmidt and Wiggins (19) sugges2,ted the addition of Na2 112 LDTA to the

"Juice line" from tine to time.

In a study of the dissolution of iron, zinc and cadmium, at room

temperature and at a phi of about 2, king and Hliliner (201 reported the

effect of complexing or chelating agents on the inhibitor properties

of dilute dicý,romate solutions. The authors used cylinders of the

rretals rotating at 15000n cm/mnm at temperatures of 230 to -180G.

Saturated solutions of 11_EDrA with 0.01N1 dichromate showed some in-

creased inhibition of dissolution as compared to solutions without

!lIEDrA. With dichromate present the iron acquired o light yellow

--nl, the caktniun a light brown film; both rubbed off easily with al-

coolc . Hie au thors c onsi der two vi ews for the function of compiexing

(,r checlating aglents: first, they prevent precipitation of oxides or

hlydroxi des l'v formingý soluble compiCS exsWith ions not involved in

I orm in o the( tightly ad~herent film of' impervious oxi de; or second,

teereage,,nts ac(t to .1 lcan the~ suirfice of air-formed, less protuc-

tie I i Ims, thu.ý ill(* i ng, freead`'SS esOf dI i :l~ltt ion to he ad--

sorhcd.. (?ompo,; i lions for inhithiti ng, corros ionl of ferrous metals



have been reported in which a combination of chromate and a sequester-

ing agent (Na 4 EDTA), which is capable of complexing iron(II), are used

(21,22). However, information concerning corrosion of steel indicates

that the chromate is necessary to prevent excessive attack by alkaline

solutions of EDTA4- (21). A combination of polyphosphate, chromate

and Na2 H.EDTA iý, recommended as a rust and scale prevmnting agent for

automobile cooling systems (23).

Edwards and Roza (24) studied boiler scale prevention by using

Na4 EDTA ("Verseme 100"), and reported that no appreciable decomposi-

tion of the free "Na 4 EDTA" in solution occurs at temperatures below

400*F (200*C) and that the metal chelates are stable to 500OF (260 0 C).

Unfortunately, the experimental evidence for this conclusion was not

given nor was the evidence for the existence of free "Na 4EDTA" in 5

ppm or less at a pH of about 10.5 given. Edwards and Roza concluded

that the application of Na4 EDTA in boilers which have maximum drum

temperatures up to 500°F (260°C) would be feasible. Furthermore,

'since the free chelating agent and its metal chelates are reported to

be nonvolatile below 500"F, the steam purity should not be affected

in those cases where saturated steam might be taken from the drum and

superheated to temperatures above 500'F. In this study, Na4LDfA was

continuously fed into the boiler feed waiter at a rate of 32.7 pounds

per 24 hours; a quantity sufficient to inactivate all hardness in the

boiler water and maintain a minimum p11 of 10.0. Sufficient sodium

sulfite was added to the tecd water to maintain a minimum sulfite

residual in the boiler ol 10 ppm. Compared to a "disodium phospha te

and caustic treatment" the treatment %,ith the Na I1)l'A was competitive



when savings on fuel and c caning time were considered (.24). T1he

initial attempt b', EIdcwards and Roza to clean a large deposit from an

operating boiler was abandoned because it was found that the "Na¾I)A

was being carried over w-th the steam, presenting a possible source of

contamination to the steam users". However, it was found that addition

of sufficient chelating agcnt to inactivate the hardness of the makeup

water prevented the formation of scale on the internal surfaces of a

clean boiler. Since the calcium and magnesium chelates are soluble

at the normal operating p1l of a boiler, scale-forming components in

the water would remain in solution and be removed through normal blow-

down (24).

Decontamination of iccumulated deposits of radioactive materials

in pressurized water reactors can be accomplished by chemical means.

Since the fundamental knowledge of the thermal stability of several

potentially usable r ents was limited, Droll (25) tested aqueous

solutions of six reagents, one of which was NaltEDI'A, in stainless

steel (AISI type 316 with type 304 stainless steel liners) autoclaves,

for at least one hour at 3000 F (140 0C) and 400'F (204*C). All of

the reagents decomposed fairly rapidly, with decomposition signifi-

cantly more rapid at 400°1; citric acid, NaIIII)I'A and catechol

appeared to be the most stable. After neutralization to the methyl

red end-point, the umount of Na,11I,tEDFA present in solution was de-

termined by titrating a portion of each sample, which had an excess

of calcium nitraite added, with standard sodium hydroxide solution to

the methyl red end-point. I'itratable acidities were also determined

by titratine, a portion of each sample with standard sodium hydroxide

10



sol uti ion to thil phenol phtlhalcin e end-point. Solut ions contai in- 1.2()

and 25(1 ppm of Na-,11•LDI'A were reported to be completely decomposed

within 3 mrin. at 4f0("F and a 60 ppm solution deccomposed completely

I•ithin 15 min. At 300 0 b, less than 50% of the Na 2 IItI-DTA was left aftcr

3 hours. Although there was no observable difference between the ap-

pearance of the samples taken from the solutions in the autoclaves and

those of the reference solutions, it is quite conceivable that a

product is formed which possesscs the ability to chelate or complex

metal ions to a reasonable degree. Droll did not attempt tc discern

the nature of the decomposition product or products, and his method

of analysis could only qualitatively detect the presence of chelating

products in solution.

Although the study of the effect of high temperatures and

pr ssures on the stability of 1IIEDTA has not yet been reported,

Zittel (26) has studied the effect of gamma radiation on aqueous so-

lutions of 1t4 EDTA. Under the conditions studied It4,EDTA was degraded

by gammna radiation to the extent of about 1.4 x l0' millimoles per

,illiliter of solution irradiated per roentgen. Since the purpose of

the work was to measure the effects of gamma radiation on !l1 LTTA as

it is used in analytical methods, no systemitic study was made to

identify the degradation products produced durine gamma irradiation.

A 1.2 x 10- 3M solution of Na ii e'1I'A which h ad been expos,.,d to 1 "r,

no longer conta ined the or iginal ( hcla t ing matrial as ; .:. ,' by

the titration with standard l'h1 solution. In-rarerd dLt,, shiow• l thijt

many changs occur in 11ii,i11;1'A aso ieI, ' e as a Iestl , oX lilk :ar'm.j

irraidiation, but no definite struk tur.,, wcwre reportcd. I t wwý

II



interesting to note that soluti(,ns of high pli are much less affected by

radiation than those of low pHl. Amperametric titration curves of ir-

radiated NaHa2 EDI'A solutions titrated with V02 indicated that the

degradation products still acted as chelating materials (210).

Thermal Behavior of Solid 114 F1)TA and Its Metal Complexes

The thermal stability of Na2112 EDTA.21120 has been extensively

studied to determine the temperature at which the hydrated salt could

be safely dried to constant weight (27). Although the hydrated salt

loses water above 100°C, charring was reported above 150°C. Similar

results have been reported by Dow Chemical Co. (28); the anhydrous

compound Na2 H2 EDTA begins to decompose above 135 0 C and yields sodium

carbonate as the residue at 750°C. Depending on the material studied,

114EDTA is reported to be stable below the range 230* to 265"C (27,28,

29). The salts, however, exhibit weight losses at lower temperatures

because of the evolution of hydrate-bound water (30). As Wendlandt

noted, a strict comparison of decomposition temperatures reported by

several workers cannot be made because of the different heating rates

employed and the different inherent characteristics of the thermo-

balances and differential thermal analyzers used.

After the loss of the hydrate-water, the anhydrous sodium salt

decomposes to ultimately yield sodium carbonate. Anhydrous NaCaEDI'A

possesses excellent thermal properties; no weight losses are observed

up to 337 0 C. Almost all of the free acids studicd by Wendlandt (30)

exhibit a singIe endothermic rxeak correspondin- to the main decomposi-

tion of the ccompound. Very few peaks were noted that could be

12



associated with the oxidation of carbonaceous material; the low tem-

perature range employed may be the reason.

Tariger and Gohlke (31) used mass spectrometric therm;Al analysis

(MTA) to study the volatile products of thermal decomposition in a

manner similar co differential thermal analysis (DrA) and thermogravi-

metric analysis ('[GA). Using MTA, GeEDTA.21i 2 0 was found to decompose

with liberation of water between 70*C and 100*C, and again between

160*C and 190 0 C. Carbon dioxide appeared between 270 0 C and 320 0 C,

and above 380*C general rapid decomposition produced "small organic

molecules such as ethylene, carbon monoxide, ammonia, nitrogen, etc."

(31). Using H4 EDTA-2H 2 0-HC1, water and HCI were detected by MTA from

room temperature to 100*C under reduced pressures of the system. At

the point of complete decomposition, at a temperature greater than

200*C, a recording of the entire mass spectrum revealed the presence

of Co 2, 120, NH3, N2, HC1, as well as ion fragments of minor inten-

sity ranging from m'e 50 to m/e 150.

Although other reports of the thermal decomposition of 1 1,EDI'A and

its metal salts have added to a small background of available inforr~a-

tion (32,33,34,35), the work of Shat and I1.'r (3o) is by far the most

extcnsive study made to find out how various metal ions influence the

thermaal behavior as well as the mode of thermal dec composition of stv-

era: solid tFUDFA* - compl exes. Me only t' "Itlient ,,asts airilvzc. l wrc

CO, and CO and only in the case oI the , 'u, l l)IA.fl , ,,ntl HMitI .i 'AJ.I 0

complexes was the residue analyzcd for nitrogen '• pcrkt'nt nitro•gn

of the original .omplex remained in thc residueI). on the has;s o01

their study, iihat and Iyer (3(.) made I our 4:nif icant LonL !usins



regaroding the trends in the thermal behavior of so] id me tal-il1)lA-

complexes heated to 700 0 C and higher.

(1) Although the thermal stahil ities of the solid complexes studied

are slightly better in nitrogen than in air, the behavior is similar ex-

cept at higher temperatures where secondary reactions involving decompo-

sition pr7oducts and oxygen occur.

(2) he thermal stabilities of the complexes studied in a nitrogen

atmosphere vary in the order lPy>Sb>Bi>Ni.aCu>Co>CazBa; the order does not

suggest any possible correlation between decomposition temperature and

stability constant or heat of complex formation in solution.

(3) M'he carboxyl groups in the complex decompose first and the

ethylenediamine part of the molecule is comparatively more stable.

(4) iNo modes of decomposition are observed for the degradation

of carboxyl groups:

(a) decompositions occurring in two steps involving two car-

boxyl groups, in each step, e.g., Co, Ca and Ba;

(b) all four carboxyl groups decompose in a singlo step,

e.c. idi, ',b, Cu, Ni and DIy. Such complexes are thermally more stable

than complexes wil)ch decompose by the two step dc arhoxylation. AL-

corkin:•lv, 11hat and 1ytl" point out that the sinJk step dwcarbx'lition

sh,,uld our when three, or more carboxvIs are koo•rdinatcd to the Mectal

ani th at tetraval nt torpll xts sh,,ul d lse a 11 1 our arhoxvl i'rups

simtlu tanou,,ts> , Ior examp e. o,,mpix.'s ol (,,. "n. ýi If and h

A su.marv o, . ,. ,- oi ,. r'psition ,nI th'O number oI attjh he,

M . - .r \v: -rp '; , ' , -, . A " - , p .\ ;s shp; ! ;n in iIt,: c



ConclIus i ons and lut Urc Norkh

A cons i derabl e amount of work has been re~por ted on the use of

cthylenodini tri lotutraacet ic ao.i d (11,IAQPIA ) and its metajl sal ts as ad-

di 'Lives to boile r watcr. [Ihe a ddi t ives a ppe ar t o he qu iteL Ihunelb. i ja I

inl preCvenlt ing c orro si on of the bo0il er tubes and as a dese a i n " a, ('nt.

Most of the thermal decomposi t ion invest i ,a t iofs have leen made, on

so i d I!1 1 JDA and various sol id me tal -iHP!A rlnni nvI

the sol ids !ose water and then dccarboxyl atc in one or tNo S eps

depe-nci n g on the number of o:a rboxy I groups a t t ao. h, ! I a ) 1 c

thijree o r mo re a t t a(hed(o ar boxy 1 ~roups gi ve r ;1 t to mtr~ It i rrýa dv

stabl e comp]lexes whi cit (leccarboxyl a te in a si n,-] t, s ten. 1% a1tt r I r!h'n

monox ide, c ar bon dio(x ide, ammon ia , n i tro gen, e thyl Ienec. an! (-sro

or ganl LMolCculeCS W with i on f ra gment s of m inor i n tcns it i s r a ný.i ne

Irom m e 0to m , c I h) have hbeen Jet co tecd byN ma ss speco t r omi t r i a n,,

Nvs is of1 volIa t tie dec ompos i t ion prodUL tS ir ron lil1A Ycr ;vatI ivekS . 1Nh n

sol 1 I1 11IFDA and i ts var ious me tal sat eetat to tI p, r jt ur~

ft7,'0'C and above, Othe residues isola ted Ionsisted, oi metJ! al li

oxidk metall carbo~kniate ant (- rhon; the, rt-us hi dt"PC1en I 01n 1!) Il-r I -

ma, n~ t er and t h :'.I A ohti 11' a1* t0os K s r1:. . .

A" cer th, 'oss ,1 .0 ,nl Cp ~ ~ .

tI! kl reru n l h : -i >' -. .1 ! i ouz I r:ý:- I \

i, rc's ta i, , r n1 tr~ n -r*: .I rit*~'

n tr cn cr; : : r. N ri r. t! i, ; r : n r I

I'll,; rcs~jl : i t~ al S !Ia :. 1 j.

S ':.Iv t, n rpr tu. ! ,n '.:. rid¶: I .: - -



thermal decomposition of FDl)l' A- compl exes in aqueous sol ut ion.

1'o fully uiderstand the potential protection to Navy boilers by

the lithium hydroxide - tFiDA''- system, we must determine the rlte at

which aqueous solutions of lD'A k'- thermally decompose, the i (lent i ty

of' the volatile decomposition products and the identity and •h-lating

propertics of residual materials. If the residtue is still a chelat-

ing agent, it should be more thermally stable than IDFA*- and lend

itself to possible use under conditions of boiler operation. Since

the identity of volatile products and residues from thermal decompo-

sition of solid fl.FtYIDA and various salts will aid in the scudy of the

aqueous solution decomposition, the thermal decomposition of solid

FI.4EDTA and I i 4 EDT'A is currently being investigated at this laboratory.

rhe rate of decomposition of Natl.EDFA and I i.,E-DI'A in aqueous solution

at 400°C is also being investigated. [he solid phase and aqueous

phase decompositions of EDPA"- are the topics of Part II and Part I11,

respectively, of this report.
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fable I

Vtal-KDTAl- Complexes: Formation Constants and Optimum pHt of Formation
nfor + n.- M(O- ) 1.4- N, M(Ol) 14-

Spll for Crystal b
Metal Ion l.og Kt Gptimum Formation Ionic Radii (A)

l1i 2.6 >12 0.68

Na 1.7 >12 0.97

NI 2 • +.7 U11 0.82

Ca2+ !O.u 10.7 0.99

Fe 2 + 14.3 5 0.74

Fe3+ 25.1 1 0.64

e Of 1 2 8.2 c - -

Fe(01) 3  
- 7 .0c

a2 00C in 0,I1 KC1.

b Weast, R.C. rind Selby, S.M., "Handbook of Chemistry an(' Physics,"
47th edition, mhe Chemical Rubber Co., Cleveland, Ohio, 1966,

p. F124.

CCalcu'ated values from data given in reference (4).
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Fable II

Mlode of Ilecomposi tion of Sol i (I Metal -ethyl enecli ni tri lotetraacetates

No. of Carboxyl

Metal Salt No. of Steps in Groups Attached

oI f 11,j, ) I'A 1)ecarboxyla tion to Metal Reference

N'a2CaFDJYUA 1 4 30

CaIl9IlJFA 
-

13a11,LDtA b'1, (

DyfflDt~a -- , 1 3 3

B ilIFL)TA - HO 1 3 3(

SbIll DTA 1 3 3k

N i 12 1:1) A -" 2 () 1 3 b 3o

Cull I-D1'A -If0 3 b 34

Gc F D A - 211 0 1 431

Snl:DTA .11 01 4 3

1'il I PA -11 X,' 1 4 34

1 ilfl' *ý1 ý-411,( 0 I 34

Ilhl I T'A *2ýll ( 1 4 34

Iwo nrotons assoc i a Itc( wi th, two c ar boxv I r oups.

1)On e pro ton associat ed w i th aj carlho.xvi ,r oup at( tlhc o ther to oa
walter moleculec.



I. MONOIDENTATE LIGAND: AMMONIA

NH3  2+

NH3] »NH3

P .4

H3 Fe

NH3

2. BIDENTATE LIGAND: ETHYLENEDIAMINE

H2  2+

C2 H2 CH

CH \ e // KI 4.34

H 2 ýH
H2H

I H
N 

2

3. HEXADENTATE LIGAND: ETHYLENEDINITRI LOTETRAACETATE

0 2-

0 j'C\

/CCM,

CM,1 - - //- C0Fe - :
7 K, 1 4.3

CM2

Fig. 1 -The Chelate Effect. RelaLiionship between t he
formation constants of iron(II) complexes and the num-
ber of ligand-attachment points.
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